INTRODUCTION
Proteolytic enzymes have been found in both dicotyledonous and monocotyledonous plants. Representatives of the former are the fig (1) , papaya (2) , squash (3), legumes, cabbage, and Euphorbia (4) ; of the latter the pineapple (3) and cereals (5) . At present it is not definitely known whether these enzymes are all of the same nature, or if each family, genus, or species produces its characteristic variety. Many plant proteases resemble each other in their strong milk clotting power, and in most cases exhibit essentially the same behavior toward oxidizing and reducing agents, i.e. they are reversibly inactivated by mild oxidation, and attain their maximal activity in the presence of reducing substances.
The present investigation deals with the proteolytic enzyme from the milkweed, Asclepias speciosa, and seeks to establish some distinctive criteria for comparing this enzyme with other plant proteases. This new protease has been named asclepain by the authors. Isolated in a crude but very active form from the fresh latex of the above plant, the enzyme resembles papain in many respects, but shows interesting differences in others. For a substantial study of chemical relationships, it is most desirable to work with crystalline enzymes. However, much valuable information can be gained even with less pure preparations if quantitative methods for measuring protease activity are employed under accurately controlled conditions.
Isolation of Asclepain
The milkweed from which asclepain was obtained grew on the University of California campus during the summer of 1938. By severing the leaf petioles, the latex which exuded from the cut ends could be collected. This latex was diluted with an equal volume of water, and the suspended particles removed by filtration. The clear filtrate, which contained all the active protease, was titrated with alkali to pH 7.0, and then made up roughly to two-thirds saturation with solid (NH4)~SO4, adding 45 gin. of the latter per 100 ml. of solution. The salted out enzyme was collected on a Buchner filter, washed first with 0.5 saturated (NH4)2SO4, and then with a small amount of pure water; lastly, the preparation was dried in a vacuum desiccator over H2SO~. It was stored in a cold room at -18 °. Under these conditions, the enzyme retained constant proteolyfic activity over a period of many months. 100 ml. of latex yielded 1.5 gin. of faintly yellow material which was used throughout the following experiments.
Materials and Experimental Methods
Asclepain Solutions.--To prepare these solutions, accurate weights of dry enzyme preparation were ground with water or buffer solutions, and diluted to the desired degree. Activators were only used when so specified. The solutions were always prepared within an hour or two of usage.
Protdns.--The proteins used as substrates were hemoglobin prepared according to Anson (6) , Van Slyke casein (7), Merck's egg albumin purified by dialysis, edestin prepared according to Osborne (8) , and ovovitellin prepared by Jukes 1 (9).
Aqueous Protein Substrates.--These substrates were prepared by grinding weighed amounts of the different proteins with the proper volume of buffer to give solutions of the desired concentrations. The solutions were adjusted with dilute acid or base to the exact pH desired, using the glass electrode to determine the latter. In the cases of edestin and ovovitellin, it was necessary to use buffered 10 per cent NaC1 solution as the solvent; even so these proteins were only partly in solution. With the exceptions of hemoglobin and ovalbumin, the proteins were rather insoluble near their isoelectric points, so that the substrates were largely in suspension in this pit region.
Urea Solutions of Protdns.--The technique of Anson (6) was followed in preparing these solutions, except that they were adjusted to the required pH as before. In cases where the substrate is not specified, it will be understood that 2 per cent hemoglobin in 40 per cent urea solution, buffered at pH 7.0, was used.
Methods for Measuring Proteolytlc
Anson's hemoglobin method (6) , and the milk clotting method of Balls and Hoover (11), were used in this study. Northrop points out that the N.P.N. method measures principally the primary hydrolysis of the protein, whereas the formol titration, which determines the increase in amino groups, measures chiefly the later stages of digestion. Anson likewise finds that the increase in phenol groups is a good measure of the first stages of proteolysis. The hemoglobin method was used to measure the digestion of both aqueous and urea solutions of the different proteins, and is usually referred to as the "tyrosine color" method in this paper.
General Properties of Asclepain
Protein Properties.--The dry asclepain preparation dissolved readily in water to give a faintly opalescent solution. There was only a slight turbidity on the addition of BaCI, solution, proving the virtual absence of (NH4),SO4. The enzyme solution gave the following positive protein color reactions: Millon's, biuret, xanthoproteic, and Adamkiewicz's. A positive test was also obtained for alkali-labile sulfur. The dry material was found by micro-Kjeldahl analysis to contain 16.5 per cent nitrogen.
To prove definitely that the asclepain molecule is of colloidal dimensions, an aqueous solution of the enzyme was placed in a collodion bag and subjected to ultrafiltration. A comparison of the protease activity of the ultrafiltrate with that of the solution remaining in the bag indicated that none of the enzyme had passed through the collodion membrane.
Blood Clotting Test.--Asclepain appeared to differ qualitatively from papain in that it failed to clot citrated or oxalated blood plasma, which was 
Stability of A sclepain in Solutions of Different pH.--Solutions of different
pH, containing 2 mg. of asclepain per ml,, were allowed to stand overnight at about 15 °. The solutions were then brought to pH 7.0 with dilute acid or base, and diluted exactly twofold in this process. The proteolytic activity of the solutions was then compared by the hemoglobin method. The relative stabilities of the enzyme at the different pH values are indicated in Table I . The results show the enzyme to be most stable in neutral solution.
Rate of Loss of Activity of Papain and Asdepain Solutions on Ageing
Asclepain was found to lose activity slowly on prolonged standing in aqueous or 6.6 M urea solution. The rates of inactivation at 25 ° and 3 ° were determined by sampling the ageing solutions at suitable intervals, and OF ASCLEPIAS SPECIOSA. I measuring the proteolytic activity by the hemoglobin method. The rate of loss of activity of papain in 6.6 ~t urea was also measured. The results plotted in Fig. 1 showed that asdepain was inactivated at room temperature at about the same rate in either aqueous or 6.6 m urea solution, and lost about half its initial activity in 30 hours. Papain in 6.6 ~ urea was inactivated more slowly, and at room temperature lost only about a fourth of 10.
FIO. 1. Decrease in protease activity with ageing of solutions for papain and Asdepic~ protease.
Composition of the enzyme solutions: Curve 1, 1 rag. asdepain per ml. of water; Curves 2 and 3, I rag. asdepain per ml. of 6.6 ~r urea buffered at pH 7; Curve 4, 0.66 rag. Merck's papain per ml. of 0.05 ~r NaCN and in 6.6 ~ urea solution. The digestion time and temperature were 10 minutes and 40 ° in each case. its activity in 30 hours. At 3 °, asclepain lost a fourth of its activity only after about 15 days.
Dialysis of a Urea Solution of
Aselepain.--A solution containing 3 mg. of asclepain per ml. of 6.6 xt urea, after 10 hours standing at 3 °, was placed in a cellophane bag, and dialyzed against pure water in order to remove the urea. The water was changed frequently during a 2 day period. After this time, the white precipitate which had deposited in the bag during dialysis was removed by filtration, and the proteolytic activity of the filtrate was compared with that of an aqueous solution containing 3 mg. asclepain per ml., which had stood at 3 ° for the same length of time. Nitrogen analyses by micro-Kjeldahl were also made on the two solutions. The results showed that the dialyzed solution retainedabout half its initial proteolyfic activity, while the nitrogen content was only about a sixth of the original value. This suggests that the asclepain preparation is a mixture of proteins.
Activation and Inhibition of Asdepain
In their comprehensive study of papain activity as influenced by oxidation-reduction and by metal compounds, HeUerman and Perkins (13) found that their results were best explained by the assumption that sulfhydryl is an active grouping in papain, and that proteolyfic power is lost when this group is oxidized or when it reacts to form a mercaptide. This study supports the theory first advanced by Bersin and Longemann (14, 15) which postulates that the activation of papain is due to the reduction of dithiol groups in the enzyme molecule) Other plant proteases which resemble papain in their activation and inhibition effects include those of the pineapple (3), fig (1), wheat (5), and Calotropis (16) . On the other hand sulfhydryl apparently is not essential for the hydrolytic activity of the protease of pumpkin (3) and of several bacterial proteases (17, 18) .
In order to compare asclepain with papain, a study was made of the effect on asclepain of a variety of reagents whose activating or inhibiting action on papain was known.
Experimental Technique.--One half ml. portions of asclepain solution containing 3 nag. enzyme per ml. water were treated with specified amounts of different activator and inhibitor solutions. The final volume of each solution was brought to exactly 1.5 ml., adding pure water where further dilution was necessary. Each reagent was allowed to act on the enzyme solution for about a half hour before the activity of the latter was determined. The N.P.N. method was used for most of the measurements. 5 ml. samples of 4 per cent casein solution (buffered at pH 7.5) were digested 40 minutes at 40 ° by 1 ml. portions of enzyme solution (containing 1 rag. asclepain). The control analyses served to correct for the nitrogen of the activators in cases where this factor was appreciable. In some cases the milk clotting method was also used for comparing proteolytic activities. The hemoglobin method was not suitable for this study, since the phenol reagent gives a blue color in alkaline solution with the sulfhydryl compounds which were used as activators. 4 The activities of the treated asclepain solutions were compared in all cases with that of the untreated enzyme solution, diluted exactly threefold with pure water. Solutions of cysteine-HC1, thioglycolic acid, iodoacetic acid, NaCN, and Na2S were always adjusted to pH 7 before being used.
3 Balls and Lineweaver (2) believe crystalline papain contains active--SH groups, although the nitroprusside and porphyrindin tests were negative..
4 Cyanide does not react with the phenol reagent and can be used to activate enzymes for the tyrosine color method.
Interpretation of Results.--The results of the activation and inhibition
experiments are reported in Tables II to V. As in the case of papain, the effects with asclepain may be explained by the assumption that a sulfhydryl group in the enzyme molecule is necessary for proteolytic action. The (Tables III and IV) . This resembles the behavior of papain. Berg- mann and Zervas (19) also failed to obtain complete reactivation (of papain) even when very dilute iodine solution was used. According to Purr (20) , the reversible inactivation with H202 is accompanied by a proportional loss of sulfhydryl groups. Presumably higher concentrations of peroxide oxidize the sulfhydryl beyond the dithiol stage.
TABLE III

Inactivation of Asdepain by Hydrogen Peroxide and Reactivation by Cysteine
PROTEASE OF ASCLEPIAS SPECIOSA. I
In contrast to papain, the inactivation of asclepain by Hg ++, Cu ++, or Ag + could not be reversed by excess sulfide or cyanide (Table V) . Even solid HgS, Ag2S, and AgBr caused a 70 to 95 per cent inactivation, just as did a concentration of 10 -* to 10 -s ~ Ag +. The explanation may be that the t These precipitates were prepared with an excess of sulfide or bromide and washed thoroughly. They were shaken with the enzyme during a half hour.
Freshly prepared from Fehling's solution and glucose. Shaken with enzyme during a half hour.
enzyme-metal union persists even when the concentration of metal ions in the solution is reduced to the minute values imposed by the solubility products of the above heavy metal salts. Another possibility is that the metal ions catalyze an irreversible oxidation of the enzyme. Harrison (21, 22) has shown that minute amounts of iron and even smaller traces of copper catalyze the aerobic and anaerobic oxidation of sulfhydryl compounds. Sufficient evidence is not at hand to decide from the alternatives.
Also in the cases of Ni ++, Co ++, Zn ++, Pb ++, Fe ++, Fe +++, and Mn ++, the degree of inhibition of asclepain is greater than for papain. None of these ions inactivated the latter enzyme by more than 15 per cent (13) .
Like papaln, asclepain is irreversibly inactivated by iodoacetate. The work of Dickens (23) may offer a clue to the reaction involved here. This investigator proved that iodoacetate reacts vigorously with sulfhydryl compounds in neutral solution to form products of the type R--S--CH~--CO0-.
The failure of Cu20 completely to inactivate asclepain is at variance with the theory of sulfhydryl as the active group, since this reagent forms characteristic mercaptides with thiol compounds, and will inhibit papain completely. It is possible that the incomplete inactivation of asclepain is due to the slowness of the reaction under the experimental conditions used.
Asclepain resembles papain in being activated by phenyl hydrazine. Bergmann and Ross (24) in developing their theory for the existence of two enzymes in papain, suggest that phenyl hydrazine causes the dissociation of the proteinase-peptidase complex by reacting with an aldehyde group, thereby liberating the two active enzymes, tiellerman (25) points out that phenyl hydrazine can react in several ways, so that no definite conclusion regarding the mechanism of its action can be drawn. Balls and Hoover (11) find that this reagent accelerates the milk clotting action of papain several fold, and attribute this as presumably being due to a reduction of the natural activators of the papaya. 5
pH-A ctivity Rdations for Different Proteins Digested by A sclepaln
The influence of pH upon the rate of proteolysis has been interpreted in terms of the ionization of the enzyme and of the protein substrate, and numerous studies have dealt with the "optimum pH" of enzymes. Hence it was thought of value to determine the nature of the pH-aetivity curves for asclepain on several proteins of widely varying character. Both concentrated urea and aqueous buffers were used as solvents, in order to compare the curves of native proteins with those of the same proteins denatured in urea.
Native Proteins.--The pH-activity curve for each of five different proteins was obtained as follows: 5 ml. portions of protein solution at equal concentrations, but buffered at different pH values, were digested for exactly equal times at constant temperature with 1 ml. of the same aselepain solution. The amount of proteolysis was then measured by the tyrosine color method. 1 rag. enzyme was used for each digestion. The times for the different curves were: I, 30 minutes; 2, 5 minutes; 3, 4, 5, all 10 minutes. Fig. 2 shows that the digestibility of the different native proteins varied enormously. Quantitative comparisons are not possible in most cases, since the experimental conditions were necessarily adapted to the digestibility of each of the proteins. It is evident, however, that casein is by far the most digestible. Edestin is moderately digestible, ovalbumin somewhat less so, hemoglobin is only slowly attacked, while ovovitellin is the most difficult of all to digest.
In general, the amount of digestion appears to be least or to go through a minimum in the isoelectric region of each protein, s Northrop's theory (2@ which relates the rate of proteolysis to the amount of ionized protein, seems applicable to the results with asclepain. Asclepain, like trypsin and unlike papain, seems to act better on the anionic rather than the isoelectric protein. In the case of hemoglobin, the large increase in digestibility in the region of pH 4 to 5 may be due to the partial denaturation of the protein. (6) found that such proteins as hemoglobin, ovalbumin, and edestin were rapidly digested in urea solution by proteases. In view of the remarkable solvent properties and denaturing action of this agent, it was of interest to determine the character of the pH-activity curves of the above proteins in 6.6 M urea solution, using the same procedure as before.
Proteins in Urea.--Anson
The curves of the proteins in urea, given in Fig. 3 , are seen to be very similar, with maxima in the vicinity of pH 7.0. The amount of digestion does not appear related to the degree of ionization of the proteinsY Edestin, ovalbumin, and hemoglobin, which are moderately or poorly digestible in water, are digested about as vigorously as casein when dissolved in urea. OvoviteUin is less digestible than the other proteins, but is still much more digestible in urea than in aqueous solution.
Effect of Temperature on the Rate of Protein Digestion by Asclepain
The comparison of digestion rates at different temperatures can give information concerning both the temperature coefficients of the reaction and the coefficients of inactivation of the enzyme. In order to study these factors in the case of asclepain, several sets of protein digestions at varying Hitchcock, D. I., Amphoteric properties of amino acids and proteins, in Schmidt, C. L. A., Chemistry of the amino acids and proteins, Springfield, Illinois, C. C. Thomas, 1938, 618 , gives the following pI values: oxyhemoglobin, 6.7; casein, 4.6; ovalbumin, 4.8. The literature reports values for edestin ranging from pI 5.5 to 7.0.
7 Burk and Greenberg (27) have shown that the isoelectric points of casein and hemoglobin are only slightly different in 6.6 ~t urea solution than in water.
temperatures were conducted with this enzyme. For each series, 5 ml. samples of protein solution, buffered at the optimum pH, were digested for equal times by the same amount of enzyme. The results are plotted in Fig. 4 . The peak of each curve (the greatest amount of digestion) corresponds to the optimum temperature. In Fig. 5 , which represents the influence of temperature on milk clotting, the activity is expressed as the reciprocal of the clotting time, and the optimum temperature corresponds to the minimum time required for clotting.
The optimum temperature is seen to increase as the reaction time decreases. For the 60 minute digestions of casein, the optimum is about 53 °. For the 10 minute digestions of casein and hemoglobin, the corresponding optima are approximately 63 ° and 58 ° . For milk clotting, where the required time is less than a minute, the optimum temperature is raised to about 75 °. If the 10 minute digestion curves of native casein and denatured hemoglobin are compared, the temperature coefficients of digestion below the optimum temperature are seen to differ considerably. But above about 65 °, where the destruction of enzyme is the dominant factor, the proteolysis decreases at the same rate for both proteins. Above 85 ° , the enzyme is destroyed even before milk clotting can occur. 
